U1niversity of British Columbia, Vancouver, Canada THE UNDERGRADUATE ACTIVITIES OF SOME CONTRIBUTORS TO NEUROLOGICAL SCIENCE . . . "For many reasons it is desirable that a medical student be conducted early in his career to the front line trenches of medical and physiological discovery. Let him realize that men as young as himself have made important contributions: that de Graaf at 23 years of age devised the first pancreatic fistula; that Helmholtz at 24 measured for the first time the heat production of frog muscle; that Johannes Muller at 25 had enunciated the principle of specific nerve energies. Let him discover that simple facts were once hidden in a fog of faulty observation and faulty reasoning, and that it was sometimes the enquiring minds of students like himself that made matters clear."
-John Farquhar Fulton' In no branch of medicine is John Fulton's statement more applicable than in that dealing with the nervous system. This paper attempts to bring into historical perspective the undergraduate apprenticeship of a number of neurological pioneers no longer living. In some cases the student's investigation was related to his later contributions to neurology, as in the case of Sherrington, Claude Bernard, and Pavlov. In others, such as Charcot, Romberg, and Magnus, the undergraduate thesis or contribution was in-a field other than neurology. Few students in history can have made such a momentous discovery as that by Gennari in 17767 when he saw for the first time the "white line" which characterizes the occipital cortex of the human brain. It was this finding which fired the imagination of generations of researchers seeking a specialized cortical structure to match each cortical function. The available descriptions of Gennari, chiefly by his biographer Marimo, suggest an openhanded student who shared his small bursary with the indigent and with his gambling companions. For our purposes, however, the interesting characteristic of Gennari was his curiosity about the structures which he saw as he did autopsies for the professor of pathology at Parma-Michele Girardi, a pupil of the great Morgagni.
Gennari was sufficiently observant to notice also that icicles formed within the ventricles of brains of frozen cadavers. He correctly surmised that the cerebrospinal fluid between the cerebral cortex and the meninges served to cushion the brain against outward shocks. Gennari's line was discovered independently by Samuel S6mmerring, that remarkable genius whose graduation thesis in medicine put forth the classification of the cranial nerves which was to displace that of Thomas Willis.
Fifty years after Gennari's discovery L. F. Bravais, in his Paris thesis,4 described local motor convulsions, and thus a further stage in the localization of cortical function was reached. In 1836 another student, Marc Dax,' wrote his thesis on the occurrence of lesions of the left hemisphere in cases of aphasia. This delineation of the speech center in the left hemisphere in right-handed persons was another major milestone. Dax was an enterprising student and actively searched for a right-hemispheral lesion in a right.
handed aphasic. The best proof of his theory, possibly, was the fact that he was unable to find such a case.
The subject of aphasia knew no greater students than Sir Henry Head and Pierre Marie. Head began his undergraduate contributions to the neurological literature by writing a paper on the action potential of nerve.' From Hering's laboratory at Halle, the scene of Volkmann's unwitting discovery of the cardio-inhibitory action of the vagus, Head published, in 1889, a longer study on the respiratory effects of the vagus nerve. 9 Marie, on the other hand, wrote his first paper in the field of endocrinology, and in his graduation thesis at the University of Paris in 1883 gave the first description of the tremor of thyrotoxicosis.10 Similarly, the great Charcot, a pioneer in cerebral localization, wrote his graduation thesis in Paris in 1848 on "The affection described under the names of primary asthenic gout, nodosities of the joints, and the primary form of chronic articular rheumatism."
Yet another pioneer in the parcelation of cerebral function was Constantin von Economo (1876-1931) whose early interests were endocrinological. As an undergraduate medical student in Vienna he wrote a paper on the pituitary glands in birds under the guidance of von Ebner.
Even phrenology had its student contributors in the persons of Niclas and Spurzheim who assisted Gall in his studies! The earliest use of staining procedures in the study of cerebral cytoarchitectonics was that of Rudolph Berlin Horsley was known to his classmates as "The Germ" because of his bacteriology, "The Vulture" because he expected to get post-mortems on all his cases, and "Archibald Allright" for his optimism. Horsley's crowded and brilliant student career was but a quiet prelude to a hectic, creative, and varied life as the founder of neurosurgery, and as political candidate, reformer, researcher, and soldier. As he plunged into the Great War, in which he was to die, he told his wife: "Don't worry about me; I don't matter, I can't live for ever. It's the young that matter."
In the field of histology the students Remak and Helmholtz began with the nervous system, while Kolliker and Waller made their earlier contributions in other fields. It is interesting to note that all four were contemporaries. Robert Remak (1815-1865) was a protege of the great Johannes Muiller, and on the latter's suggestion investigated the finest fibers in the nervous system, which even today we refer to as "Remak's fibers." In 1836, two years before his graduation in medicine, Remak was describing these structures in Muller's Archliv. Again in 1837 he described his fibers in Froriep's journal. In 1838 he wrote his doctoral thesis on them. By the time Remak graduated from Berlin he had shown: (a) that the axis cylinder is the transmitting part of the nerve trunk; (b) that in vertebrates nerve fibers spring from nerve cells; (c) that there are unmyelinated fibers in the sympathetic nervous system (and he postulated that they arose from sympathetic ganglion cells); and (d) that ganglion cells exist on the walls of the heart and in the intestines in men and the lower animals. He opened his thesis with a quotation from Francis Bacon: "Neither manual work alone nor imagination unchecked by facts is worth very much." The undergraduate contributions, important as they were, soon were overshadowed by the later discoveries of this neglected figure in the history of medicine. He was a forerunner of many of the doctrines which we take for granted today. Kolliker insisted that Remak deserved the credit for the view "omnis cellula e cellula." Remak's views on the central representation of the autonomic nervous system have a modern ring. His work on the cervical sympathetic antedates that of Horner by fourteen years. He was the first to describe correctly the villi of the intestines, pulsus paradoxus, the cell as the unit of muscle, and the true morbid histology of the lung in pneumonia.
Hermann of cell nuclei, corneal innervation, and the conception of movement and space, as well as on "the nature of the psychical process." The field of neuropathology boasts a trio of distinguished student investigators in Schilder, von Monakow, and Nissl. Paul Schilder, disciple of Exner the physiologist and Laurenz Muller the philosopher at the University of Vienna, published his first paper on a neuropathological subject before graduating at age twenty-three.
Constantin von Monakow (1853 Monakow ( -1930 , who became a leader in the field of neurology and whose life has been so gracefully portrayed by Colin Russel,"1 was a student who fled from the wax models of neuroanatomy after attending only three lectures, to be caught in the mesmerizing web of neuropathology. As a student of psychiatry on Hitzig's wards at Zurich, he was allowed to work over the neurological specimens from the autopsy room, where in his sixth semester he started on histological studies on the brain in dementia. Interestingly enough he investigated damage to the cerebral blood vessels, the brain cells, and liver in chloroform poisoning. Hitzig, who had just discovered the electrical excitability of parts of the cerebral cortex, was so impressed with von Monakow's organizing ability as a student that he sent him on a tour of investigation and study of mental institutions. In Munich, von Monakow saw von Gudden's anatomical methods, his microtome, and his set of serial sections of the human brain. This fired his imagination, as he pictured the possibilities of applying retrograde degeneration techniques to cerebral pathways. His later discoveries bear out the thesis that a student can be stimulated to do original research, given the means.
Franz Nissl (1860-1919) made his first contribution at the age of twentyfour when, in his graduation thesis, he analyzed "The pathological changes of the nerve cells of the cerebral cortex." The work was recognized by his University in Munich with the award of a special prize. Such was his student reputation that he was taken into von Gudden's Institute and given a laboratory and assistants immediately upon graduation.
Turning now to the clinical neurologists who distinguished themselves as undergraduate researchers we find a large group indeed. William Osler (1849-1919), Canada's first neurologist, was already a prodigious worker by the time of his graduation in 1872. In 1869 he had written a delightful piece in Hardwicke's Science Gossip entitled "Christmas and the microscope." As an undergraduate at Toronto, Osler published in 1870 his first scientific contribution on "Canadian diatomaceae." He also experimented with rabbits, trying to infect them with the trichinae found in the cadaver he was dissecting. On transferring to McGill University, because of the clinical material available at the Montreal General Hospital, Osler became an undergraduate pathologist in earnest. One of his earliest student postmortems was on an interesting case of "paralysis with aphasia." He prepared the gross and microscopic pathological specimens and report on a case of mammary carcinoma. His graduation thesis on pathological anatomy was of such excellence that it was awarded a special prize by the faculty. Osler's later neurological interests were wide and included "the brain as a thinking organ," the brain of the seal, gliomas of the retina, cerebral aneurysms, tuberculous meningitis, anencephaly, frontal lobe injuries, the brains of criminals, chorea, convulsions in children, progressive muscular atrophy, tabes, Jacksonian epilepsy, and "the cerebral palsies of children."
The In the field of hereditary diseases of the nervous system two names come to mind, Karoly Schaffer (1864-1939) and George Huntington (1850-1916). Schaffer's first paper, published while an undergraduate, was on the route of transmission of the virus in rabies. George S. Huntington, at the age of nine, was already a student of the type of chorea today associated with his name. As he made rounds with his grandfather and father in their practice in East Hampton on Long Island, New York, he recorded his impressions of the unforgettable patients afflicted with this poorly recognized illness. With the prolonged apprenticeship in medicine which this youth served en famille it is little wonder that he was able to write, a few months following his graduation in 1871, a paper of which Osler said, "It is truly a classic and has scarcely been improved upon since it was first set down."
It is impossible to leave the clinical neurologists without commenting upon the unusual theses of two of them. Hermann Oppenheim wrote his doctoral thesis in 1881 on the metabolism of urea, a subject on which he had already published three papers. M. H. Romberg (1795-1873) gave us his classic description of achondroplasia in his doctoral dissertation in Berlin in 1817.
Finally, in the realm of neurophysiology, we see some of the most productive and original minds in the history of science. Charles Sherrington. Claude Bernard, Ivan Pavlov, and \Walter B. Cannon surely were of that rank. There were others, such as MIagnus, Brown-S6quard, Donders, andl Raynaud, who also gave great promise in their undergraduate researches. Maurice Raynaud (1834-1881) gave the first description of the sympathetic nervous system disorder which still bears his name. This he did in his medical doctoral thesis "On local asphyxia and symmetrical gangrene of the extremities" in 1862 in Paris. Raynaud followed up his undergraduate work duriing the remainder of his short life of forty-seven years. He has left us, also, a delightful account of medical education in Moliere's time.
Cornelius Donders, the great Dutch forerunner in the theory of evolution and in the laws of the conservation of energy, was an early contributor iI. the neurological field. Having completed his medical course at Utrecht too young to be graduated, he transferred to Leyden and there presented his doctoral dissertation on the pathological anatomy of the nervous systemll He never strayed very far from the nervous system and made his bestknown contributions in ophthalmology and color vision. His papers "AMuscular work and development of heat in relation to the necessary elements of food," "The influence of the vagus nerve on the cardiac movements," and "The chenmical phenomena of respiration" are still of great interest. He counted amiiong his admirers Jonathan Hutchinson and Hughlings Jackson.
The brilliant and erratic Charles Edouard Brown-Sequard (1817-1894) wrote his graduation thesis at Paris in 1846 on "Recherches et experiences sur la physiologie de la moelle epiniere." Even at this stage in his career he was investigating the crossing of the sensory tracts in the spinal cord. His thesis was based on extensive work on birds, mammals, and cold-blooded vertebrates and showed that the views of Sir Charles Bell on sensory tracts in the cord were in need of modification.
The many-sided genius Rudolf MIagnus (1873-1927) was a student researcher of note. His undergraduate work was not neurological, but rather concerned a method for the measuring of blood pressure in an exposed artery. He presented his early work before the International Conlgress of Physiology at Bern in 1895 and elaborated on this subject in his doctoral thesis upon graduating from Heidelberg in 1898.
Pavlov's very full life as an investigator in neurophysiology began in the Veterinary Institute of the University of St. Petersburg. His first work was on the nerves to the pancreas and his second on the production of a permanent pancreatic fistula. He carried this forward while a summer student in Heidenhain's laboratory in Breslau in 1877 and published his results in 1878. The outstanding Russian clinician, S. P. Botkin, organized a little laboratory for clinical research and placed Pavlov in charge of it even before his graduation in medicine. Pavlov's biographer, Boris Babkin, has written: "This is in truth an amazing fact-that a recently graduated science student, who had not yet finished his medical course and who himself should have been studying under another, became the director of scientific investigations in the most famous clinic of internal diseases in Russia. '" Like Pavlov, Claude Bernard began and ended his long research career with investigations on the neurophysiology of the digestive system. While a medical student on the wards he saw a case of facial paralysis. This stimulated him to investigate the distribution and function of the chorda tympani, a subject to which he returned over and over again throughout his life. His doctoral thesis, published in Paris in 1843, described the secretion and r6le of the gastric juice. It was this work which almost brought Bernard's career as an investigator to a close, for one of the dogs, in which he had placed a gastric cannula, escaped and returned to its owner-the local commissioner of police. It is a tribute to the talents of Bernard that he was able to pacify the official, who thereupon became his chief benefactor and animal supplier! Walter Bradford Cannon was riding in a Boston train one auspicious day early in 1896 when he heard a man say, "They have made a new invention by which they can look right through people." Within a day Cannon, a first-year student in medicine, was at the door of Professor Bowditch asking if he might experiment with Rontgen's new waves in a study of swallowing and digestion. By December of the same year Cannon was able to demonstrate to members of the American Physiological Society the gastric motility of animals fed with bismuth subnitrate. Eventually he came upon a cat of a special kind. It was so angered by the proceedings that all gastro-intestinal movements had ceased. This was the critical case which turned Cannon into his best-known field of endeavor, that of bodily changes in pain, hunger, fear, and rage. His voluminous works on the autonomic nervous system established the mechanisms which regulate Claude Bernard's "milieu interieur."
Finally we come to "the philosopher of the nervous system," Sir Charles Sherrington (1857 Sherrington ( -1952 . It has been truly said that as Harvey was to the circulatory system so was Sherrington to the nervous system. His long life of ninety-five years spans so much of the modern history of neurologyincluding almost all of neurophysiology-that it is impossible in this paper to encompass much of it. His earliest writings concerned structure and function in the nervous system of a dog demonstrated by Goltz at the International Medical Congress in London in 1881. While still a medical undergraduate at Cambridge, Sherrington wrote two papers on this interesting subject with the assistance of J. N. Langley. The methodical analysis of the complexities of the nervous system which characterized all of Sherrington's work is evident even in these undergraduate writings. It is too rarely appreciated that Sherrington was not only a physiologist, he was an expert histologist, anatomist, and pathologist as well. He served as a Demonstrator in Anatomy while a student at St. Thomas' Hospital Medical School in 1883. His histological preparations are not well known because they were often deleted from his papers by editors of physiological journals. It was Sherrington's grasp of neurohistology which enabled him to fathom Ramon y Cajal's early papers. It was also his facility in Spanish, learned on a cholera research expedition to Spain in 1885, which saved some of Cajal's efforts from oblivion. That isolated and locally ridiculed prophet distributed his early reprints to the crowned heads of Europe in an effort to have Spanish science recognized. It was Sherrington, as Secretary of the Royal Society, who brought Cajal to London in 1894 to give the Croonian Lecture on the neurone theory. Sherrington prepared some excellent photographs of Cajal's silver stained preparations, but Cajal would not use them. He said he wanted the assembled scientists to look into the microscopes provided to satisfy themselves on the seemingly fantastic revelations of which Cajal was speaking.
Sherrington's influence on neurophysiology and clinical neurology has been determinative. Philosophy and psychology have been changed by his scientific generalizations. Even the language of our science derived from his pen-a pen at home in verse, biography, and statesmanship as well. "Yet he was," as Sir Russell Brain has written, "the most modest of men, who felt, like Newton, that he had done no more than pick up a few pebbles on the shores of the great ocean Thus we come to the end of this all-too-hasty survey of the student years of a group later distinguished in the neurological sciences. At a time when John Fulton's twenty-fifth anniversary as a professor at Yale is being celebrated it may be worth remembering that Fulton himself was a student contributor, essayist, and bibliophile. In the years 1930-1955 he opened his laboratory, his library, and often his purse to students who wanted to pioneer with their own investigations, however insignificant some might feel them to be. The tradition so long established in neurology must not be allowed to die.
